During the last two decades state funding of higher education in South Africa has decreased substantially (especially if public expenditure of HE as a percentage of GDP is used as a yardstick). HE institutions were forced to increase tuition fees and rely more on the third income stream to balance their books. In the process increases in instruction/research staff did not keep up with the increase in student numbers.
INTRODUCTION
During the twentieth century government participation in the economy and also public spending on education increased considerably, which can partly be explained by the development of the human capital model in the 1960s. Many studies indicated that it is profitable for both the private and public sectors to invest in education. A lot of funds were invested in education, but the results were not always as promising as everybody expected them to be. During the last twenty years or so governments have cut back on their spending on higher education (HE). South Africa was no exception and public expenditure on HE decreased quite substantially (especially if public expenditure on HE as percentage of GDP is taken as the yardstick).
This article will investigate the South African HE sector's performance, as far as teaching output and research are concerned, for the period 1986 -2007 . Firstly, the period 1986 -2003 , when the South African Post-Secondary School (SAPSE) subsidy formula was used to fund HE institutions, will be examined. In 2004 the HE landscape in South Africa changed completely with the merging of institutions, which reduced the 36 HE institutions to 23, simultaneously with the introduction of the New Funding Framework (NFF). The period since 2004 will therefore be analysed separately.
TRENDS IN FUNDING OF HE

Public funding of HE
There are many studies which indicate that it is profitable to invest in educationboth for the individual and the state (see comprehensive summary of 98 studies in Psacharoupoulos and Patrinos 2002) . Despite these findings, public expenditure on higher education in South Africa decreased from 0.86 per cent of GDP in 1987 to 0.66 per cent in 2006 (De Villiers and Steyn 2007, 140) . It must be mentioned, however, that during the years 2007-2009 more than R3.6 billion in total is and will be provided on an earmarked ad hoc basis for infrastructure development and for increased student enrolment as part of the JIPSA initiative (Ministry of Education 2007). Public funding of HE in South Africa lags behind the rest of the world. In 2001 the total public expenditure on higher education institutions and higher educational administration as a percentage of the GDP made by local, regional and national governments for 84 countries was 0.81 per cent (UNESCO Institute of Statistics 2004, Table 11 ). In 2000 public expenditure on HE was 0.90 per cent of GDP for 29 OECD countries (OECD 2004) . De Villiers and Steyn (2007) made some forecasts about future public funding of HE in South Africa, but according to their scenarios the chances are slim that there will be much financial relief (if any) for the HE sector in the foreseeable future and the above-mentioned decreasing trends are bound to continue. 
Change in composition of income of HE institutions
Funding models of HE in South Africa
Four subsidy formulas have been used in the HE system of South Africa.
3 Although the Holloway formula (HF) that was introduced in 1953 and the van Wyk de Vries formula (vWdV) that was implemented in 1977 are shown in Figure 3 , they will not be discussed. The South African Post-Secondary Education (SAPSE) formula was introduced in 1984, revised in 1993, and was used until 2003. The New Funding Framework (NFF) was implemented in 2004 and is still in use.
The SAPSE formula was based on the assumption that students are the best judges of their own welfare and are the best informed to decide for which academic programme to enrol. The formula was thus enrolment driven, with funding following students as they enrol at institutions of their choice. In that sense it can be considered a marketdriven formula. As indicated in Figure 1 , higher education institutions (HEIs) received a subsidy based on the FTE number of students in Natural Sciences and Human Sciences (input driven) respectively, as well as the number of successful (degree credit) students for Natural Sciences and Human Sciences (output driven). The input and output components were weighted equally. Institutions also received additional subsidies for FTE growth in students in the two fields of study (input driven) as well as for approved publications generated by institutions (output driven). This resulted in inputs and outputs being weighted about equally within this subsidy formula.
In 1993 the SAPSE formula was revised and the subsidy per student in Natural Sciences was increased relative to the subsidy per student in the Human Sciences. Restrictions on student growth were implemented and only a projected increase in S N and S H of 2.5 per cent for contact and 5 per cent for distance tuition (universities) and 6 per cent for contact and 8 per cent for distance tuition (technikons) was subsidised. As with the SAPSE (1984) formula, about 50 per cent of the subsidy was based on output measures.
The New Funding Framework (NFF) was implemented in 2004 and with this formula the government endeavours to influence the size and shape of the HE sector. This funding regime consists of a subsidy formula which in 2004 contributed about 87 per cent of the allocations and a set of earmarked allocations (NSFAS, foundation programmes, restructuring, etc.) contributing the other 13 per cent. As illustrated in Figure 2 , the subsidy in year n consists of 4 block grants, based on student enrolments in year (n-2), qualifications awarded in year (n-2), research output in year (n-2) and certain other institutional data for year (n-2).
Part 2 of the teaching output block grant, namely the so-called teaching development grant, is only allocated to institutions with qualification output (all qualifications except doctoral degrees and research masters degrees) below the national teaching output norm. The extent of the underperformance of these institutions in year (n-2) determines the size of this allocation in year n. The worse the performance as far as qualification output is concerned, the bigger the teaching development allocation. Part 2 of the research output block grant, namely the research development grant in year n, is similarly allocated only to institutions with research output (approved publications, doctoral degrees and research masters degrees) below the national research output norm in year (n-2). Again, the worse the research performance of an institution, the bigger the research development allocation. This implies that only about 29 per cent of subsidy funding for 2007/08 has been determined by output measures.
The block grant for institutional factors (only 7% of the total subsidy in 2007/08) is meant to support small institutions with relatively high fixed costs, as well as institutions with large numbers of disadvantaged students (both financially and educationally). It can be regarded as allocations to institutions to ensure a level playing field for generating the necessary teaching output and research output grants.
As a result of extremely high student growth rates of some HEIs during the years 2002-2004, the teaching input block grant to HEIs was capped with effect from 2005/06. Jongbloed (2004) makes an interesting classification of public funding of HE along two dimensions, namely the funding base and the degree of market orientation. The funding base relates to the question whether allocations are tied to educational outputs or inputs. The degree of market orientation is linked to whether publicly funded programmes are regulated by central authorities or whether the funding flows are driven by the decisions of the clients (students, private firms, research councils) themselves. In Figure 3 the different subsidy formulas that were used in South Africa are (crudely) classified according to Jongbloed's two-dimensional scheme. For a more complete and substantiated discussion of Figure 3 , see Steyn and De Villiers (2007) .
ANALYSIS OF THE OUTPUT OF ALL HE INSTITUTIONS: 1986-2003
Changes in staff and student numbers As a result of the decrease in the real value of public spending on HE, academic (instruction/research) staff in this sector did not keep up with the increase in student numbers. This is clearly illustrated in Tables 1 and 2 This led to an increasing trend in the student/lecturer ratio as shown in Tables 1 and 2. In Figure 4 the WFTES per FTE instruction/research staff member for technikons and universities are shown for the period 1986-2003. As a result of the transition from the SAPSE information system to the HE management information system That more was required from lecturers at the end of the period under discussion than in 1986 is self-evident. The next section explores whether this greater burden on lecturers impacted negatively on the teaching and research output of the HE sector.
Changes in the number of qualifications awarded to students
The primary purpose of HE institutions is to provide graduates with the skills that the economy requires. The number of qualifications awarded annually by HE institutions is an important measure of their success in doing this. This section sheds some light on the changes in qualifications awarded to students per FTE instruction/research staff member.
From Tables 3 and 4 it is clear that there is an increasing trend in terms of the total number of qualifications awarded per FTE instruction/research staff member in the HE sector of South Africa over time, assuming (for the sake of simplicity) that we universities: 1986-2003 give equal weight to all types of qualifications. For technikons the ratio increased by 63 per cent (equal to an annual growth rate of 3.1%) from 3.37 to 5.50 for the period 1987-2003 for all qualifications, while the ratio for the 3-year diplomas increased by 61.4 per cent over the same time period. The same increasing ratio is also present in the university sector. In this sector the ratio for all qualifications increased by 60.3 per cent (or on average by 2.81% per annum) from 3.10 in 1986 to 4.97 in 2003. An increasing trend is also observed for masters degrees awarded per FTE instruction/ research staff member at universities for the period under discussion.
In general it does seem as though the change in public funding of HE did not negatively impact on the HE institutions to provide students with the basic qualifications for the economy. One could argue that the HE sector actually became more efficient in delivering trained students to the economy. Note, however, the big variation in the number of qualifications awarded per FTE instruction/research staff Tables 3 and 4 . Although this is partly the result of fluctuating student enrolments at some institutions, low ratios could also indicate inefficiencies in the teaching processes at some institutions. The one aspect, however, that is not dealt with here is whether academic standards were not compromised in the process of increasing the teaching output. Changes in the extent of high-level research in higher education
The question can be asked whether the increases in student numbers without an accompanying significant increase in academic staff numbers impacted negatively on high-level research at HE institutions. One way to evaluate the situation is to consider the number of doctoral degrees awarded per FTE instruction/research staff member. The number of doctoral degrees awarded by universities almost doubled from 534 in 1986 to 1 024 in 2003. 4 The increasing trend in doctoral degrees per FTE instructional/research staff member can also be observed in Table 5 . The relatively small number of HE institutions responsible for the majority of these degrees is, however, a cause for concern.
Another, perhaps better, yardstick to measure high-level research is to look at the number of articles published in journals accredited by the Department of Education (also known as publication units) by instruction/research staff. Reliable data on publication units for HE institutions are available only from 1993. During the period 1993-2003 the publication units for universities were on average 5 357 and in 2002 Tables 6 and 7 that high-level research in South Africa was mainly done at universities. The most research, both in terms of total publication units and usually also in terms of publication units per FTE instruction/research staff member, was conducted by the Universities of Cape Town, Natal, Pretoria, Stellenbosch and Witwatersrand. These institutions were responsible for 59-63 per cent of publication units of the HE sector for any specific year for the period 1993 -2003 . Pouris (2003 determined that the HE sector is responsible for 80 per cent of the country's visible research output. These five institutions were thus generating almost half of the worthwhile research in South Africa. If the former universities of Free State, RAU and Unisa are added to the list, these 8 institutions produced between 77 and 83 per cent of accredited publications of the HE sector. A relatively small number of HE institutions were thus generating by far the majority of research.
In the analysis of the publication output of HE institutions one must obviously take into account the size of the staff establishment at these institutions. By calculating the publication units per FTE instruction/research staff member, a better picture is emerging of whether the higher teaching load has led to a decrease in high-level research activities. Tables 6 and 7 show the situation at technikons and universities respectively. As has already been pointed out, technikons were not responsible for a substantial contribution to publication units. Their situation changed from 1 publication unit per FTE instruction/research staff member at technikons every 56 years in 1993 to 1 publication unit every 22 years by 2003. It is clear that, although the situation had improved, there was still much room for further improvement. It is important to consider the university sector, where more than 90 per cent of all publication units of the HE sector were produced. The disturbing fact is that there was no indication of an increasing trend in publication units during the 11 years. Figure 5 shows that the highest number of publication units per FTE instruction/ research staff member of 0.411 (translating to 1 article every 2.4 years) was recorded in 1994. After that it decreased to 0.330 in 2003, which means only 1 publication unit every 3 years. If we consider the situation of the 5 universities that were responsible for most of the publication units during 1993-2003, it dropped from 0.553 (1 article every 1.8 years) in 1994 to 0.418 (1 article every 2.4 years) in 2003 -a decrease of about 24.4 per cent in 9 years! This decreasing trend can clearly be observed from Figure 5 . It is also interesting to note that the 5 best performing technikons and the 5 worst performing universities in terms of research output per instruction/research staff member were on equal terms in 2003.
A positive aspect for the period 1986-2003 is the steady increase in the number of doctoral degrees awarded at universities, both in terms of total numbers as well as per FTE instruction/research staff member. The challenge is clearly to increase research output in accredited research journals. It is necessary that more funds are made available for the HE institutions to ensure that more research will be done in those institutions where the most publication units are already generated. It is also necessary to ensure that the ever increasing student/lecturer ratio does not hamper research activities. The decreasing publication units per lecturer ratio during 1993-2003 is evidence that this was indeed happening.
EARMARKED FUNDING FOR RESEARCH
In order to ensure that the necessary research will be undertaken in specific or priority areas that are important for a country, most governments have established funding agencies with the necessary expertise to determine worthwhile research projects at HE institutions. In South Africa earmarked allocations for research at HE institutions (by means of various state budget votes) are transferred to the respective agencies and are then distributed amongst HE institutions by these agencies. The amounts for research in these budget votes are determined by Treasury, usually with no regard whatsoever to the research funding already flowing to HE by means of the education budget. Traditionally the science councils have acted as the agents, and funds were earmarked for basic and strategic research projects or for doctoral studies of promising students at HE institutions. The National Research Foundation (NRF) was established in 1999, replacing the Foundation for Research Development (FRD) and other agencies associated with the science councils which had previously disseminated earmarked research funding. The NRF has already played an important role in the dissemination of project research funding. The scope of earmarked research funding has broadened significantly over the last 10 years. At present the NRF, the Medical Research Council (MRC) and the Water Research Commission (WRC) are responsible for earmarked research allocations to HE institutions. These allocations are a very important part of the third money stream that was already referred to in the section on 'Change in composition of income of HE institutions'.
Steyn and De Villiers (2006) studied agency funding for HE institutions for the period 1996 -2003. Their analysis included NRF funding (THRIP allocations, Innovation Fund allocations and some other smaller funding initiatives) and MRC funding. Unfortunately the funding data received from the WRC were too incomplete to include in their study. The WRC contribution to agency funding is, however, relatively small. Figure 6 and Table 8 are based on the data contained in the study by Steyn and De Villiers. Figure 6 shows that the total nominal amount distributed to universities and technikons, and earmarked for specific research projects chosen according to rather stringent criteria by the NRF and the MRC, increased from R155 million in 1996 to R381 million in 2003. This increase is substantial, even in real terms. The allocations to the technikon sector were rather small when compared to allocations to the university sector. Although the relative position of technikons had improved from 1996 to 2003, universities still received nine times as much as technikons in 2003 as far as NRF and MRC funds were concerned. Understandably there is fierce competition between HE institutions for earmarked research funding. Although the funding allocation criteria used by the NRF and MRC are not based on institutional research performances alone, the performance of the receiving institutions is undoubtedly important. Table 8 shows the total (nominal) allocations from the 
HE OUTPUT UNDER THE PRESENT SUBSIDY FORMULA
Analysis of output subsidy ratio for 2005-2007
Although the present formula was applied in 2004 for the first time, official information regarding the breakdown according to institution and the different block grants are not available for 2004. The subsidy output ratios, defined as the ratio of the output subsidy and the sum of the input and output subsidy (as a percentage), are indicated in Table 9 It is also clear that there are large differences between the output ratios of the 23 institutions in any particular year. Using the output subsidy ratio as a measure of performance in total output (teaching and research combined), the 3 top institutions for the period 2005-2007 were Rhodes (average of 40.2%), Stellenbosch (average of 35.4%) and Cape Town (average of 34.6%). Seven institutions' output subsidy ratios were lower than 20 per cent. 1) Ratio of (Actual research output block grant + actual teaching output block grant) and (Teaching input block grant + research development grant + teaching development grant). See Figure 2 .
Defining output units
An advantage of the present subsidy formula is that it provides a weighting scheme for the different outputs of higher education institutions. The relative weights of the components of teaching output, namely the different qualifications awarded, as well as the weights of the components of research output as used in the calculation of the respective Parts 1 of the teaching output and research output block grants (see Figure  2 ), are indicated in Table 10 . The associated rand values of each output component in the 2007 financial year are also indicated.
An analysis of per capita output units Table 10 shows that the weight or subsidy generated by, for example, an awarded doctoral degree is 20 times the weight or subsidy generated by a 3-year bachelor's degree and 40 times the weight or subsidy generated by an honours degree. Furthermore, and a very contentious fact which is presently under revision (see Ministry of Education 2007), an awarded research masters degree has a weight 13.34 times the weight of an awarded non-research masters degree. Given the HE institutions' individual outputs in a particular year, the weights in Table 10 can be 1) For a more comprehensive discussion of the calculation of the NFF see Steyn and de Villiers (2007) . 2) All weights are relative to the unit weight of 1.00 of a 3-year diploma or Bachelors degree. used to determine the weighted teaching output units and weighted research output units, as well as the total weighted output units for each HE institution for that particular year. The total weighted output units therefore measure the number of awarded 3-year degree/diploma equivalents generated each year by an institution.
To determine the improvement of the output of the HE system from year to year, or to compare the output units of individual HE institutions in a particular year, an indicator, namely the weighted output units per FTE instruction/research staff member, can be calculated. Table 11 shows the weighted teaching and research output units per FTE instruction/research staff member, as well as the total weighted output units per FTE instruction/research staff member for all 23 HE institutions from 2002 to 2005. The output data in these 4 years were used in the calculation of the respective output subsidies in 2004 to 2007 as shown in Figure 2 . Note that in the calculation of the weighted output units per FTE instruction/research staff member it was assumed that the mergers between institutions were already effective in 2002 -two years earlier than most of the mergers actually took place. The same student proportions, effective in 2003 when Vista University was unbundled and distributed among 7 institutions, were used in 2002 for the determination of the subsidies and the FTE instruction/research staff numbers for the 7 'merged' institutions. Table 12 shows the weighted output units per staff member for the same period for all individual institutions with the exception that the respective weighted output units are divided by the number of permanently appointed instruction/research staff numbers and not the FTE instruction/research staff members at each institution. Since the part-time (and usually temporary) academic staff are included in the FTE instruction/research staff calculation, and part-time staff could in the case of some institutions carry as much as 30 per cent of the total teaching and research load, dividing the weighted output units by FTE instruction/research staff numbers is definitely resulting in a more accurate measure of relative weighted output. The Department of Education, however, prefers to publish and use permanently appointed instruction/research staff in their analyses of higher education staff data. According to the Department, the headcount numbers of permanently appointed instruction/ research staff submitted annually by HE institutions as part of the Higher Education Management Information System (HEMIS) is more accurate than the FTE staff numbers submitted in HEMIS.
It is clear from Tables 11 and 12 that the per capita weighted research output units increased over the four years, with the largest increase occurring between 2003 and 2004. This is partly due to the increase in publication units that has already been discussed in the section on 'Analysis of output subsidy ratio for 2005-2007'. For both measures the per capita weighted teaching output units also increased. Although the largest increase also occurred between 2003 and 2004, there is no obvious explanation for this. Understandably the per capita total weighted output units also increased.
Institutions have different policies regarding the employment of part-time/ temporary academic staff. Furthermore, many institutions and specifically those far from metropolitan areas frequently do not have the opportunity to employ additional part-time lecturers for especially postgraduate courses where specific expertise is sometimes needed. Tables 11 and 12 clearly show these differences. The best performing institutions during the years 2002-2005 in terms of teaching and research output are given in Table 13 .
CONCLUSIONS
Higher education has private and social benefits, and studies indicate that it is profitable for both the individual and the state to invest in education. Currently South Africa is lagging behind international trends, if public expenditure as a percentage of GDP is used as a yardstick. Although the situation has deteriorated over the last couple of years, there are indications that government is increasingly prepared to invest more in higher education. At present this is in the form of earmarked funding for HE infrastructure and the JIPSA initiative. A much higher level of non-earmarked block grant funding of HEIs will, however, be required in order to ensure that tuition fee increases at HEIs could be kept within bounds from year to year.
It was further shown in this article that the number of WFTES increased at a much faster rate than the number of FTE instruction/research staff. This resulted in a significant increase in the student/lecturer ratio in the HE sector. The number of qualifications awarded per FTE instruction/research staff member increased quite substantially during the total study period of 1986-2007. Assuming that academic standards were maintained during the study period, lecturers thus became more efficient.
As far as high-level research output is concerned, the picture is not quite that rosy. Although the number of doctoral degrees increased over time, problems emerged in translating the doctoral dissertations into research publication units. The number of publication units per FTE instruction/research staff member at the 5 universities with the highest publication output decreased from 0.553 in 1994 to 0.418 in 2003. The analysis in the section on 'HE output under the present subsidy formula' introduces two new aggregated measures of evaluating the output of HEIs. Both these measures are based on the inherent composition of the block grant calculation in the NFF. Firstly, the output ratio is defined and the annual ratios for an institution can be regarded as a measure of the percentage of direct return (in the form of output) on each subsidy rand invested by government in a particular institution. Secondly, the concept of weighted output units introduced in the sections on 'Defining output units' and 'An analysis of per capita output units' affords the opportunity to calculate annually the weighted output units per staff member for teaching, for research or for teaching and research jointly for each institution. The weights used are in line with the relative importance that government attaches to each type of teaching or each type of research output as defined in the NFF.
The article indicates that there is large variability between HEIs as far as teaching and research performances are concerned. Furthermore, only a few HEIs have established themselves as research institutions.
ENDNOTES
1 See a more detailed summary of certain aspects in De and a thorough discussion of this section with all the data attached in a report for the CHE by Steyn and De Villiers (2006) . 2 The FTE value of a full-time student who takes all the modules of an academic programme in a specific year will normally be about 1, but could vary depending on specific module choices. Weighted FTE students (WFTES) for an institution are equal to FTE contact tuition students plus 0.67xFTE distance tuition students (because the educational costs of distance education students are assumed to be 67% of the costs of full-time students).
